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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FLIGHT INVESTIGATION COF THE EFFECTS OF A PARTIAL-SPAN
LEADING-EDGE CHORD EXTENSION ON THE AERODYNAMIC
CHARACTERISTICS OF A 350 SWEPT-WING
FIGHTER AIRPLANE

By Frederick H. Matteson and Rudolph D. Van Dyke, Jr.
SUMMARY

A flight investigation wes made to evaluate the effects of a partial-~
span, l5-percent-chord, leading-edge extension on the aerodynamic charac-
teristice of the F-86A airplane.

The extension was highly effective in shifting inboard the initial
separation of the air flow over the wing for Mach numbers below 0.84,
thus eliminating the stick-fixed instability (pitch-up) in this Mach
number range. No benefit was observed between M = 0.84% and M = 0.88.
Above M = 0.88 where trailing-edge separation occurred, the 1ift coef-
ficient at which the pitch-up commenced was increased somewhat but the
severity was not significantly changed.

The addition of fences did not alter the pitch-up characteristics
greatly, but significant changes in the stall behavior and stall warning
at low speeds were noted. The extensions caused a small drag penalty
which was greatest at Maech numbers above the drag rise.

A correlation between pllot opinion of the severity of the pitch-up
and the maximum pitching accelerations was obtained.

INTRODUCTION

Considersble wind-tunnel research has been devoted to improving the
undesirable pitching-moment characteristics of swept wings by using such
devices as slatb, fences, vortex generators, and leading-edge extensions
or notches. The effects of some of these modifications on the wing
pitching-moment characteristics and stall patterns as well as the pilot
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opinion of the resulting flying qualities are beilng evaluated by using
an F-86A airplane as a test vehicle.

Previous flight tests of separation control devices such as vortex
generators (ref. 1) and fences (ref. 2) have shown that they are effec-
tive in delaying separation to higher normal-force coefficlents in the
Mach number range from 0.88 to 0.94.

Examination of results of wind-tunnel tests (refs. 3 to 6) of
leadling-edge chord extensions showed that these devices often improved
the pitching-moment characteristics throughout the Mach number range
by increasing the 1ift coefficient for the ebrupt decrease in stability
or by reducing the severity of this breek. The device was generally
less effective at higher Mach numbers. It was felt that an extended
leading edge possibly with fences or vortex generators might provide
improved pitching-moment characterlstics of swept-wing airplanes.
Accordingly, flight tests similar to those of references 1, 2, and 7
were undertaken of a 0.15-chord, partisl-span, leading-edge extension
on the F-86 airplane.

SYMBOLSY

b wing span

Cp drag coefficient

Cp pitching-moment coefficient of wing-fuselage combination about
(w+f) the quarter polnt of the mean aserodynamic chord

Cmg pitching-moment coefflcient at zero normal-force coefficient
Cn alrplane normal-force coefficlent
c local chord

b/2 -

ol

mean aerodynemic chord,-% S c=dy

o

moment of inertia in pitch

= &

Mach number
a dynamic pressure
R Reynolds number, based on T

*A11 reference dimensions are for the ummodified ailrplane.

=
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S wing ares
a angle of attack
O¢ elevator angle, positive for down deflection
é;ax meximum pitching acceleration
TESTS

The instrumentation and flight-test techniques were similar to
those used in references 1, 2, and 7 with the followlng exceptions.
Longitudinal stabllity tests at 0.80 Mach number and below were carried
out at 35,000 feet altitude. Above 0.80 Mach mmber the tests were
performed at 40,000 feet. The drag measurements were made in lg flight
at altitudes from 6,000 feet for 0.50 Mach number to 34,000 feet for
0.90 Mach number in order to maintain s constant value of the normal-
force coefficient of 0.15. The data for Mach numbers asbove 0.90 were
obtained in diving flight. Because of the difficulty in maintaining a
constant Mach number under these conditions, some varisnce in Mach num-
ber sbout the nominal value exists for these runms.

DESCRIPTION OF THE MODIFICATION

The leading-edge extension was designed on the basis of tests such
as those reported in reference 6. The plan-form dimensions are presented
in teble I and the airfoil ordinates at two spanwise stations through the
extension are presented in table IT. The profile through the extension
was that of the original wing forward of 1ts position of maximm thick-
ness but stretched uniformly so that the leading edge was 15 percent of
the chord forward of its original position. Thus, the contour forward
of the meximum thickness position was that of a thinner airfoil with =
smaller leading-edge radius. Figure 1 is a plan view of the modified
alrplane. A close-up view of the leading-edge extension is shown in
Figure 2.

The extensions were made of wood sections glued to the wing and
fastened to a metal structure bolted to the existing leading-edge slat
attachment fittings. All gaps were sealed and the 1lnboard leading-edge
slats, which were not replaced by the chord extensioms, were also bolted
closed and sealed.

The fences were 5 percent of the local chord in height. The inboard
fence was located at the inboard end of the leading-edge extension
(0.57 b/2); the outboard one near the center of the leading-edge

‘ SN
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extension (0.Th b/?). The fences extended from the leading edge back to
the aileron hinge line. Photographs of the fence configurations are
shown in figure 3.

RESULTS AND DISCUSSION

Longitudinal Stsebility

Flight measurements of the wing-fuselage pltching momente have been
obtained from the records of the balancing teil loads. The stlick-fixed
stability of the airplane has been determined from records of the eleva-
tor angle required for trim. These date will be presented first, fol-
lowed by & correlation of these results with the flow phenomena on the
wing and with the pilot opinion. The wing-fuselage pitching moments are
presented in figure 4 and deta for the ummodified airplane have been
included where available. The moments were taken about the quarter
point of the mean aerodynamic chord of the unmodified wing. DBecause
consistent values of Cmo could not be obtained from f£light to flight

in some instances, all the data comparisons have been made on & basis
of Cmo = 0. This will not affect the conclusione to be drawn. In

order to compere the stability of the wing-fuselsge combination with the
stick-fixed stability of the airplane, plots are presented in figure 5
of elevator angle as a function of normal-force coefficient. The data
reflect the stebillity of the airplane as flown (center of gravity at
22.3-percent €) to permit correlation with pilot opinion.

Leading-edge extension.~ Inspection of flgures 4 and 5 shows that
the most significant effect of the modiflcation was to increase the sta-
bility at the higher 1ift coefficients at Mach numbers up to about 0.83.
From figure 5 it 1s seen that whereas the basglc airplane exhibited a loss
of stability leading to pitch-up, a stable pitchling-moment break was
obtained for the modified airplane and the pitch-up was eliminated at
these Mach numbers. From 0.84 to about 0.88 Mach number nc large changes
in pitching-moment behavior sre aspparent. From 0.88 to 0.93 Mach number?
there was an inecrease in the normal-force coefficient st which the pltch-
up occurred from that for the baslc sirplane but no great difference in
the direction or severity of the break. The above Mach number ranges
are related to changes in the nature of the separation patterns on the
basic wing. This relationship will be discussed under the heading
"Flow Phenomens.”

In the Mach number range where the modification was effective in
eliminating the pitch-up, a region of reduced stability at lower 1ift

2No data are presented for Mach numbers above 0.91 and conclusions
drawn for Mech numbers above this value are based on pilot's oplnion.
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coefficients was evident. The reduction is particularly spparent in the
stick~fixed stebility, figures 5(a) and 5(b).

A second effect observed was & general reduction in stabllity as
campared with the basic airplane. The magnitude of this reduction was
sbout what would be expected from the forward shift in centroid of the
wing area with the consequent shifting of the gquarter point of the mean
serodynamic chord.

Fences.- Tests of fences on the unmodified wing, reference 2, indi-
cated two significant effects: (1) a progressive increase in the normal-
force coefficlent at which the pitch-up occurs in the Mach number range
from 0.88 to 0.93, and (2) marked improvements in the low-speed stalls.
To see if these benefits were cumulative with the effects of the leading-
edge extensions, tests were conducted wlith a fence at either the inboard
end of the extension or at a position near the midspan of the extension.

The inboard fence did not materially affect the longitudinsl stabil-
ity characteristics at any Mach number and no daia are presented. The
wing-fuselage pltching moments of the oubtboard fence configuretion are
compared with those for the leading-edge extension alone in figure 6.

The outer fence increased slightly the normal-force coefficient for the
unstable break at Mach numbers greater than 0.86 in a manner similar to
that shown in reference 2. This small improvement had no important
effect on the stick-fixed stability characteristics of the ailrplane, as
shown in figure 7.

Figure 8 summarizes the "boundaries" of normel-force ccefficient for
the unstable break In the pltching moment for the unmodified airplane
and the two modified configurations es determined Ffrom records of pitch-
ing velocity and elevator angle. 5Shaded regions are shown to indicate
the amount of scatter in the data.

Flow phenomena.- Fundsmentally, the pitch-up on sweptback-wing air-
planes such as the F-86 results From the initial stalling with loss of
1lift over the outer portions of the wings. It would be expected that
changes in stability would be reflected in the separation pattern, that
the severlty of the change in stability could be correlated with the
stall progression, and that remedial messures to be taken could be dic~
tated from knowledge of the type and position of the initial separation.
In accordance with this reasoning, studles of the behavior of surface
tufts were made using motion pictures of the wing in longitudinal pull-
up maneuvers.

The results of these tests showed that the chordwise position of
initial separation moved rearward with increasing Mach number following
the progression of the large adverse pressure gradient. Separation on
the basic wing first appeared:
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1. At the leading edge for Mach numbers up to about 0.80.
2. At midchord for Mach numbers between about 0.80 and 0.86.

3. At the tralling edge for Mach numbers between about 0.86 and
0.9%. This pattern 1s associated with the severe adverse
pregsure gradient which fans out from the intersection of the
fuselage and the wing trailing edge. Although separation
initiates here at Mach numbers above 0.94, 1t does not spread
forward sufficiently to cause instebility at the 1ift coeffi-
cients reached in flight.

Ap exsmple of the leading-edge-pattern progression is shown in
part (a) of figure 9 faor speeds corresponding to the lg stall. Initial
flow separation occurred from the leading edge near the wing tip and
progresged inboerd as the 1ift coefficlent increased. The separation
patterns were not sharply defined for this case, and unsteady outboard
flow was observed prior to the leading-edge separation. A corresponding
pitching-moment curve is not available for comparison; however, the
pitching~-moment eurves for this Mach number range exhiblt a moderate
unstable break at comparatively high 1ift coefficlents. The pilots
regarded the pitch-up as barely detectable up to 0.7 Mach number, grad-
ually increasing in intensity then to 0.8 Mach number. A pitch-up may
occur at the stall at 0.7 Mach number; however, documentation of such
was impossible because of a quite abrupt roll-off. Previously, partial-
span leading-edge slats, devices effective in delaying leading-edge
separation, have been effective in eliminating the pitch-up in this
Mach number renge (ref. 1). The leading-edge extension was likewise
effective; the separation progression is shown 1n part (b) of figure 9.
The large changes in pitching behavior are immediately evident in the
flow separation patterns. Whereas on the basic wing initial separation
occurred near the tip, on the modified wing the initial separation
occurred just inboard of the leading-edge extension and its progression
was primarily inbosrd. The leading-edge extension is a very powerful
deterrent to tip separastion. At the higher 1ift coefficlents clear
evidence of a reglon of separated flow with subsequent reattachment
appeared over the middle portion of the lesding-edge extension.

Above sbout 0.80 Mach number the initial separation begen to appear
as a narrow reglon approximately parallel to the leading edge. The
exact nature of the initial separation is not clear; the appearance was
that of a forked shock with strong vorticity in the separated region.

A representative progression is shown in part (a) of figure 10 at a
Mech number of 0.82. In the midspan position of the alleron the sep-
arated region extended to the trailing edge. As the Mach number
increased, the position of the separation and reattachment moved rearward.
Limited data show increases rather than decreases in lift-curve slope
accompanying this phenomenon. The pitch-up became progressively more
ebrupt as the Mach number increased. This increase in severity would
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seem to result from the increase in stebillity at low 1lift coefficients
with the greater resultant shift In the center of pressure when the
stalling occurs. Such devices as have been tried to date have provided
little or no change in the characteristics in this Mach number range
(refs. 1 and 2). The lesding-edge extension was effective in eliminat-
ing the pitch-up to about 0.83 Mach number. Above 0.84 the breask was
again unstable. An example of the separation progression 1s shown in
figure 10(b) for 0.82 Mach number for the leading-edge extension with
outboard fence. The tendency toward midchord separation is still there
but the patterns have been altered in a manner similsr to thet observed
in figure 9. At the higher Mach number the modified wing exhibited &
greater tendency toward tip separation than at the lower Mach number.
Again, the leading-edge extenslon prevented separation over the outer
wing panel end thus prevented the pitch-up. However, as the Mach number
increased and the point of initial separation moved aft, the device
became less effective in the control of separation.

At Mach numbers from 0.86 to 0.88 the midchord separation changed
to separation behind the trailing-edge shock emanating from the fuselage
trailing-edge juncture. The pitch-up became most violent at about 0.89
Mach number when the line of separation moved forward rapidly with
increasing normal-force coefficient. Above 0.92 Mach number the violence
of the motion decreased so that at 0.94 Mach number where the flow over
the wing is largely supersonic, no pitch-up has been encountered.

Fences and vortex generators (refs. 1 and 2) have been effective in
inereasing boundasry-layer momentum in the region where momentum loss 1s
high (over the trailing-edge portion of the wing) and the 1ift coeffi-
cient for the pitch-up has been ralsed by these devices. Figure 11
gives & comparison of the stall progression at approximately 0.90 Mach
number with the accompanying wing-fuselage pitching moments for the
baslc airplane and for the sirplane modified with extensicns and out-
board fences. The modificatlion delsyed the unstable break to a higher
1ift coefficient; however, a rapid stalling of the ocuter wing psnel
caused a large loss in stebility agein leading to pitch-up. The improve-
ment obtained was not as a result of a delay in separatlon but as an
alteration in the spanwise progression.

Pilot opinion.- As meny factors mey influence pilot opinion of
pitch-ups, a classificastion is presented of the factors that are believed
to be lmportant. Assuming the predomlnant item influencing pilot opin-
ion is his ability to control the aircraft, we may classify the pertinent
factors which govern this sbility as follows:

(1) The abruptness of the break in the pitching-moment curves.

(2) The dynamic response parsmeter, Iy/qSE.

(3) The pilot response time and his ebility (rate) to make correc-
tive actlon.

() The control effectiveness.

S
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The first two factors wlll govern the severity of the piltch-up or
pitching acceleration. The second two factors govern the pilot's gbillity
to arrest the pitching. In the present tests the same pllot and elevator
control system were used throughout so only the factors (1) and (2)
affecting the accelerations remsin. As the differences in moments of
inertla and dynamic pressure were not large, the flrst factor remains as
the principal variant. Therefore, by comparing the maximum pitching
accelerations and pilot opinion, an evaluation of the effects of changes
in the pitching-moment curves on the longitudinal characteristics at
different speeds may be cobtained from the tests.

In figure 12 the effect of the modifications on the maximum pitching
accelerations is shown for pitching maneuvers where the pilot held the
stick fixed at the pitch-up. Because the onset of the piltch-up was often
abrupt, the pilot was not always a&ble to hold the stick fixed and approxi-
mate corrections have been applied in such cases. It should be kept in
mind that these maneuvers were done slowly and smoothly at high altitude;
the opinions stated reflect the relative severity of the pitch-up with
and without modifications under these conditions and not necessarily the
severlity or suitebility under service conditions. For the basic alrplane
the pitching acceleration increases gquite abruptly at about 0.82 Mach num-
ber to a maximum at 8&bout 0.89. For both the leading-edge extension and
extension with fence configurations, no plich~up existed; hence, the accel-
erations up to about 0.83 Mach number gre Just maximum pilot inputs In his
wind-up turn and are of the order of 0.l radian per second squared. The
accelerations then rise abruptly to the same level as for the basic air-
plane at about 0.87 Mach number. The obvious important change achieved
in the modification was in the pitching-moment characteristics, and the
changes in pitching-moment curves are reflected in the accelerations
(fig. 12). The pilot considered the pitch-up for the basic airplane at
0.70 Mach number as very mild (&yax % 0.2) and moderate at 0.80 (Hpax %0.3)

and severe above 0.85 (Opax % 0.5).

Other factors influenced the pllot's opinion of the modificatlions.
Although the pilot was favorably impressed with the elimination of the
pltch-up below 0.84 Mach number, flight at high 1lift coefficlents would
not be consldered entirely satisfactory because buffeting was not elimi-
nated. Further, the modifled airplane became almost neubrally stable at
normal-force coefficients of about 0.2 to 0.4 and consequently was very
difficult to fly since.only about one degree of elevator deflection was
required to change Cyi by 0.2. This was objectlonable to the pilot at
the test altitude, where it occurred at the normal~force coefficient
required for level flight.

From this discussion it appears that in flying, such as was done for
these tests, the pilot is not impressed by & small change in the normal-
force coefficient at which an instability occurs if the severity of 1nsta-
bility remains unchanged, and that he is quite sensitive to the amount of
stability apparent to him. A region of neutral stability is less tolerable
when it occurs at the normal-force coefficient for level flight.

—4
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Low=Speed Stalls

Care must be teken in applying these or similar modlifications to
avold bad low-speed stalling characteristics. Followlng the procedure
in reference 8, the effects of the present modifications were evalusted
by the pilot on the basis of the adequacy of the stall warning to avoid
stell, and the gquality of the stability, control, and buffet character-
istics. The results of the stall tests are given in table ITI. Ratings
by the same pilot on the standard service configuration of the F-86A
are included for reference.

Whereas the service airplane had satisfactory characteristics wilth
slate operating (except for stall warning when flaps and gear were down),
the locking and sealing of the slats caused a serious deterioration of
the characteristics both when the flaps and gear were up or down.

For the leading-edge-extension tests the slats and extenslions were
sealed. For the configuration without fence, the stall warning and stall
were satisfactory with flaps and gear up. With flaps and gear down the
warning was delsyed to very near the stall and the stsll was accompanied

by abrupt rolling.

The tests in references 2 and 9 indicated that fences would improve
the stall with fleps down. The addition of a fence at the dilscontinuity
in the leading edge resulted 1n poorer stalling characteristics - more
severe buffet when the flaps and gear were up, and more abrupt rolling
at the stall when the flaps and gear were down. Relocating the fence
near the midspan of the extension, however, resulted in stalling charec-
teristics that were spproximstely equal to those for the service sirplane
with slats. With the flaps down the quallity of the stall was very good
although the warning was still considered to be too near the stall.

Drag

Measurements of the drag at Cy=0.15 are presented in figure 13.
A smell drag penalty appears due to the leading-edge extension at sub-
critical Mach numbers. This penalty increases with increasing Mach num-
ber to about 0.0050 at M = 1.04k. The trends for the lower Mach numbers
sre similar to those observed in reference 6. No drag measurements were
made at high 1ift coefficients. The results of the tunnel test (ref. 6)
showed that the drag increment disappears at the higher 1ift coefficients
end becomes negative at still higher 1ift coefficients, particularly at
the lower Mach numbers, hence the flight tests made probably show the
penalty in the region of its maximum.
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CONCLUSIONS

Flight tests of a 15-percent-chord, partial-span, leading-edge
extension on a 35° sweptback-wing airplane resulted in the following
conclusions:

1. At Mach numbers where the initial separation was from the
forward portion of the chord over the tip portion of the wing (M < 0.83)
the addition of the extensilion eliminated the loss of stabllity with
increasing 1ift coefficient (pitch-up). However, a limited region of
neutral stick-fixed stability appeared sbove normal-force coefficlents
of 0.2 to 0.k.

2. At Mach numbers where flow sgeparstion occurred over the
trailing-edge portion of the wing (M = 0.88 to 0.93), the addition of
the extension produced an increase in the normsl-force coefficlent et
which the piltch-up occurred above that for the original airplane, but
made no significant change in the direction or severity of the break.

3. The addition of & fence at the discontinuity had either detri-
mental or negligible effects. The addition of a fence at the midspan of
the extensilon increased slightly the normel-force coefflclent for the
pitch~up at Mach numbers where trailing-edge separation occurred.

4. The low-speed-stall flylng qualities with the leading-edge
extension were as good as the normal service alrplane with flaps up.
The stall with flaps down was less satisfactory with only the extension
because of abrupt relling at the stall. The addition of a fence to the
Th-percent-semispan position made the stalling as good as the service
airplane. The fence at the discontinuity ceused poorer stalling charac-
teristics.

5. The extension caused a small drag penalty at 0.15 normal-force
coefficient which was greatest at Mach numbers above the drag rise.

6. The pilot considered the modified airplane greatly improved at
Mach numbers at which the pltch-up was eliminated, although not entirely
satisfactory because of the low stabillity at moderste 11ft coefficients
and lack of improvement in buffeting at high 1ift coefficlents. The
pllot did not appreciate the postponement of the pitch~up to higher 1ift
coefficients because no reduction in the severity of the pitching was
realized. : - SRR

Ames Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Feb. 26, 1954
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TABLE I.- PERTINENT ATRPLANE DIMENSIONS
[See reference 1 for more complete dimensions of basic ajirplane]
pad
. 35°
rd
|~ 1
I
Wing area

Basic airplsne, sq ft . .
Modified airplane, sq ft

Aspect ratio

Basic alrplane .« ¢ - «
Modified airplane . « . .

Mean aerodynamic chord

Basic airplane, ft . . .
Modified airplane, ft . .

Span of lesding-edge extension, b/2 . . .
Inboard limit of leading-edge extension, b/2 .« v e .
Qutboard limit of leading-edge extension, b/2 e e e
Position of inboard fence, b/2 . . .
Position of outboard fence, b/2 « e e e e e e e s e e
Helght of fences, percent of local chord
Position of 1/4 T point of the wing with the extended

leading edge with respect to the 1/4 T

the basic airplane, percent T . .

. « e

point for

U b
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TABLE IT.- ORDINATES OF THE LEADING-EDGE EXTENSIONT
[Station numbers correspond to the distance along the quarter-
chord line from 1ts intersection with the plane of symmetry]

Station 152
Original ordinates Modified ordinates

Horizontal Upper Lower Horizontal Upper Lower
-18.666 0.151 - - -30.41 0.250 - - -
~18.554 .626 | -0.345 -30.20 750 -0.270
-18.4k2 .816 =537 -30.00 .980 -.b70
-18.293 .990 -.708 -29.80 1.170 -.625
-18.106 1.170 -.891 -29.20 1.530 -.980
-17.733 1.437 | ~1.170 -28.00 1.990 ~1.460
=16.799 1.902 | =1.639 -25,00 2.620 -2,160
-14.933 2.476 | -2.241 -23.00 2.900 | -2.500
-13.066 2.860 | -2.656 -20.00 3.210 -2.880
-11.200 3.151 | ~2.977 ~15.00 3.620 -3.360
-T7.466 3.568 | =3.k52 -=10.00 3.880 -3.700
-3.733 3.855 | -3.792 -4 ,00 k.120 -h.025
0 h,053 | -k.057 1.00 Lk.200 -.210
3.733 4,180 | -k.2ko 8.00 k.250 -4.380
T.466 k,ohe | -k.362 10.20 ~ = = | Tangent
11.200 hoolht | -k.425 11.10 Tangent - .-
1%.933 4,183 | -Lk.h23 - - - - - - - - -

Station 251

Original ordinates Modified ordinates
Horizontal Upper Lower Horizontal Upper Lower
-13.889 -0.153 - - - -22.90 -0.250 - - -
-13.806 «200 -1 -22.80 110 -0,530
~13.723 «332 -.621 -22.60 .320 -. 790
-13.611 L6T7 -.Th6 ~21.80 <720 -1.250
-13.472 597 -.876 -20.80 1.050 -1.560
-13.195 .790 | -1.071 ~19.00 1.150 -1.890
-12.500 1.133 | -1.393 -17.00 1.765 -2.150
-11.111 1.565 | -1.798 -11.00 2.380 -2.640
-9.722 1.865 | -2.069 -9.00 2.525 -2.740
-8.33L 2.098 | -2.273 -3.00 2.860 -2.950
-5.556 2.143 | -2.559 1.00 3.010 -3.010
-2.778 2.702 | -2.756 6.00 3.130 -3.010
o] 2.893 | -2.889 T7.80 Tangent - - -
2.778 3.036 | ~-2.969 8.80 - = = | Tangent
54556 3.131 | ~3.003 - - - - = - - - -
8-33)4' 3-187 "2.996 == - e - - -
11.111 3.192 | -2.94h - - - - - - - -

1A11 dimensions in the horizontal plane are measured perpendic-

ular to the 25-percent chord line.
cal plane are measured from the wing reference plane.

dimensions are in inches.

SEGasEgrIey

Dimensions in the verti-
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JEanne NACA RM AS4E26

TABLE ITI.- EVALUATION OF STALLING CHARACTERISTICS

Stall
Configurationt S?:ﬁl warning
(2)

Basic service alrplane with

slats operating

Fleps and geer up S s

Flaps and geer down ' S U
Bagic gervice airplane -

slats locked and sesaled

Flaps and gear up U 3

Flaps and gear down ) U U
Leading-edge extension

Flaps and gear up T S 8

Flaps and gear down MS U -
Leading-edge extension with

fence at 0.57 b/2 -

Flaps and gear up _ S MS

Flaps and gear down U U
Leading-edge extension with

fence at 0.T4 b/2

Flaps and gear up S S

Flaps and gear down S U

1411 configurations were rated by pilot Rudolph D.

Van Dyke, Jr. eq‘n‘n'-r
2Code: U - Unsatisfactory
MS - Marginally satisfactory
S - Satisfactory
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Plen view of the modified airplane.

Figure 1.-
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Flgure 2.- Qutboard end of leeding-edge extension.
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(e) Inboard fence.
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Figure 3.~ Fence installations on leeding-edge extension.
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NACA RM AS54B26
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- Concluded.
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(b) Outboard fence.

Flgure 3
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o Leading - edge extension Flagged data denote those corrected %
gl—— Basic airplane (ref. 2 and 7) for pitching acceleration ;
=

{ \, 3

} M=0.66 .70 .80 w
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08 04 0 (for M=0.66)
Gm(w+f)
(a) M = 0.66 to 0.80

Fgure 4.- Comparison of wing-fuselege pitching moments for the extended-leading-edge configura-

tion with those of the basic airplane; moment reference point 0.25 ¢. =
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o] Leading - edge extension Flagged data denote those corrected
gl—— Basic airplane (ref. 2 and 7) for pitching acceleration
M=0.84 86 .88 9t

/
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04 O (for M=0.84)
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(b) M = 0.8% to 0.91

Figure 4.- Concluded.
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NACA RM A5SLB26
12 Flagged data denote those corrected
for pitching acceleration
-8 j
——'—'—’7
R
=4 ;1L/ Low-speed
A% statl - Ig
i
O
a O
]
. o Leading - edge extension
& |— Basic airplane (ref. 2 and 7)
-4
oo
M =0.66
0 _
s —°£"\~
/ \\‘~_
Ve
4 — -
Ve
v
i ~ws
8 1
0] 2 4 6 .8 1.0 1.2
Cn

(&) Low-speed stall end M = 0.66.

Figure 5.~ Elevator angle versus normal-force coefficlent; leading-edge
extension wilithout fence; center of gravity 22.3 percent T.
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Flagged data denote those corrected
-4 for pitching acceleration
vl
o M=0.70
0] O
o 8180
o [ —
/ 7 ~\\
/ / I
o] ’//"
o
[
©
w; 8 o Leading-edge extension
_a —— —— Basic airplane (ref. 2 and 7)
o
M= .80
0]
Peous
Jd°°°o "7
4 of*
*!‘!:!,F’
8 L
o) 2 4 6 8 1.0

Cn
(b) M = 0.70 and 0.80

Figure 5.~ Continued.
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NACA RM A5UB26
-8 Flagged data denote those corrected
for pitching acceleration
-4 J/-\ ‘o¥
1 o M=0.84
/ O
/ oG
0 7 0

= 40/ f o Leading -edge extension
© -8 |——— —— Basic airplane (ref. 2 and 7)
600 //r\
“4 //r
2,
0 %ot
,/
/
1)Q/1P,//
47 //
8
0 2 4 6 .8 1.0
Cn

(e) M = 0.8 and 0.86

Figure 5.~ Continued.
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NACA RM A54B26

i

N } ‘\\ M=0.88
V4

4 7

W
0 | Flagged data denote those corrected
/ for pitching acceleration
/ Ag‘ \ M=.91
(=]
1 / i(’ .
ao' -8 153
£
1 N
{ o Leading-edge extension
- —— Basic airplane (ref. 2 and 7)
W/
// ~u
8 ¢ 1
G—
(o] .2 4 6 8 LO
Cn

(d) M = 0.88 and 0.91

Figure 5.- Concluded.




D With outboard fence Flagged data denote those corrected =

----- Without fence for pitching acceleration =

8 r D E
[ ' :

7 ]

M = 0.49 59 ) 66 75 Y 80 &

N \

PR el 97"

x&u \ N
W \
\ \ \

o

o Y

-2 L

.08 04 0 (for M=0.49)

G"‘lwﬂ
(a) M = 0.49 to 0.80

Figure 6.~ Comparison of wing-fuselage pitchlng-moment curves for leading-edge extenslon and
leading-edge extension with outboard fence; moment reference point 0.25 €.
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o With outboard fence Flagged data denote those corrected
————— Without fence for pitching acceleration
( . <L
AT
M=0.82 \324 e‘b 86
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5
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%
¢
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!

NACA

04 0

{for M =0.82)
Cmwef)
(b) M = 0.82 to 0.91

Figure 6.- Concluded.
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NACA RM A5LB26 .
-4 P
o//
/7 M=0.66
:/'D—/r'//
e
[~
e
4 ] /",
cyD// -~ o Leading - edge extension
o L~ with outboard fence
8 — — Leading -~edge extension
- 8 without fence
“0
-4 7
/ 80

8
. 4 6 8 1.0
Cn
(a) M = 0.66 and 0.80

Figure T.- Comparison of elevator angles with normal-force coefficient
for leading-edge extension with and without fence; center of gravity

22.3 percent c.
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Flagged data denote those corrected
_8 for pitching acceleration
sl
- M=0.86
» s
}1// \\/‘
o - N
A
7/
0 44
rd
D a
J/ J:2 2N
Vi AR
4 . \"
> \ M =9Il
3 8 \
m; /
A o Leading-edge extension
_a with outboard fence
){ — — Leading - edge extension
p without fence
o) }/:
4 1
/
/i
I,
8 I !
6 2 4 6 1.0

Cn

(p) M = 0.86 and 0.91

Figure 7.~ Concluded.
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(I Leading -edge extension with outboard fence
NN Leading -edge  extension without fence
/] Basic airplane
.8
.6 3
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0o 1
.80 .84 .88 92 .96 .00
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Figure 8.~ Approximate pitch-up boundaries for three configurations.
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(b) Leading-edge extension.

(&) Unmodified wing.

Flgure 9.- Comparison of stsll progressions during the lg stall for the ummodified wing and wing
with leading-edge extension.
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(a) Unmodified wing. (b) Iéading-edge extension plus ocutboard fence.

Figure 10.-~ Comperiscn of stall patterns for basic wing and wing with leading~edge extension and
fence; M = 0.82.
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i Flow separation indicated by tufts

A

c"‘(wf) C"‘(mf)

(a) Umnodified wing. (b) Leading-edge extension plus outboard fence.

Figure 11.- Comparison of stall patterns for the basic wing and wing with leading-edge extensian
and fence; M = 0.90 to 0.91.

cf

g
2
2
3
%
*h




© Basic airplane
T Leading-edge extension

¢ Leading-edge extension
with outhoard fence
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Figure 12,~ Maximm pitching acceleration during stick-fixed pitech-upe.
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Figure 13.- Varlation of drag coefficient with Mech number for Cy = 0.15.
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